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Abstract 
 
 The Micro and Nano System Laboratory at the University of Arkansas currently is 
equipped with an Atomic Force Microscope (AFM).  This device can be used to measure 
objects with resolution on the nanometer scale, but there are a number of technical 
difficulties in performing scans of carbon nanotubes and DNA. The goal of this research 
is to successfully perform scans on both carbon nanotubes and DNA and to also establish 
laboratory processing protocols to re-perform such scans in the future.  Previous works 
performed by other researchers in the laboratory provided basic protocols with which to 
begin the present research.  These protocols were systematically altered until the desired 
results were achieved.  The primary variables altered in these experiments were the 
sonication time, the centrifuge time (both for the nanotubes), and the concentration of 
magnesium acetate in the DNA solution.  For every combination of these variables, a 
number of scans were acquired through experimentation. The results indicated that 
satisfactory scans can be obtained if the sonication time is about 15 minutes for carbon 
nanotubes and the magnesium acetate concentration is about xxx for DNA solution.. 
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Chapter 1 Introduction 
 
When working with any material, it is beneficial to have a means of measuring 
and visually representing the material in question.  Accurate assessment of this type is 
necessary for any experimentation or applications of these materials. 
Deoxyribonucleic acid (DNA) and carbon nanotubes are used for various 
applications throughout many scientific fields, especially within the field of 
nanotechnology.  Since DNA and carbon nanotubes are extremely small, direct 
measurement using conventional tools is not a practical method of working with these 
materials. They are so small that optical microscopes will not provide the resolution 
necessary to view or measure these materials accurately.  Thus it is beneficial to have 
some tools such as an atomic force microscope that has the capability of measuring and 
visually representing such miniscule materials. 
This research is dedicated to establishing workable protocols with which the 
dimensions of DNA and carbon nanotubes can be accurately measured using the atomic 
force microscope in the Micro and Nano System Lab at the University of Arkansas 
(AMNSL).  The experiment mainly focused on determining the proper sample 
preparation protocols that can lead to successful scans. 
Previous work has been performed by other researchers at AMNSL to establish 
basic protocols with which DNA and nanotubes can be scanned.  The present research 
will enable researchers at AMNSL to successfully and consistently scan these materials.  
This work should serve to complement and facilitate further work performed in this 
laboratory concerning these materials.  
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Chapter 2 Theory 
 
Scales of Materials 
 DNA and carbon nanotubes are nanometer scale materials.  DNA has a diameter 
of about 2.3 nanometers.  A strand of DNA is formed by many basic units, called base 
pairs, that are each about 0.33 nanometers long so its overall length depends on how 
many base pairs (bps) are present.  DNA can be synthesized to have very few or a large 
number of base pairs, but genomic DNA usually contains very large numbers of base 
pairs. For example, the longest human chromosome has 220 million base pairs.  [1] 
 
 Carbon nanotubes (CNTs) are cylindrical structures formed by rings of carbon 
molecules that resemble hollow graphite fibers.  CNTs exist in two forms: multi walled 
carbon nanotubes (MWCNT) and single walled carbon nanotube (SWCNT).  Their 
diameters range from 1-10nm for SWCNTs and 10-50nm for MWCNTs. [2] 
 
How AFM works 
An AFM is a surface scanning device which uses a scanning probe (which is 
called the tip) to measure and visually portray objects with resolution on the nanometer 
scale.  This is accomplished by using the tip to trace the contours of the sample.  The tip 
is a very small cantilever that deflects as it moves around the sample and its surrounding 
surface.  To measure the deflection, a laser beam is directed towards and reflected off of 
the end of the tip.  The tip deflection changes the reflection angle of the beam.  A light 
sensor in the AFM picks up the laser stimulus and processes the data into an electrical 
signal.  In this manner, an AFM scan is actually a topographical map of the sample rather 
than a visual representation. [3] 
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Figure 1: Picture of a VEECO Nanoscope AFM. 
 
 One commonly used mode in AFM scanning is called the tapping mode (the 
method of constant contact described previously is called the contact mode).  Tapping 
mode uses a cantilever which is oscillating at (or near) its resonant frequency with an 
amplitude of 20-100 nm.  During scanning, the tip is lightly brought into contact with the 
sample surface at the bottom of its oscillation.  A PC records the vertical position of the 
scanner (when in contact with the sample) at many points so that a topographical image 
of the surface can be created.  [4] 
 In tapping mode, the AFM uses two types of data output, height and amplitude.  
Height is the change in altitude of the piezo (cantilever controlling device) to keep the 
amplitude of vibration constant in an attempt to more directly reflect the actual altitude of 
the substrate.  Amplitude is a representation of the change in amplitude of the tip which 
more accurately represents edges on the substrate instead of the actual height.  Together 
the two types of data provide an accurate representation of the surface geometry.  [5] 
 
AFM Tampers Samples 
 Since the AFM measures and scans objects by coming into contact with the 
object, it is possible for the AFM tip to modify and move the objects that are being 
scanned.  As a result, there is a need for the samples to be immobilized on the substrate 
by some form of bond holding the sample in place..  The result will be that the image 
captured by the AFM will more accurately represent the actual geometry of the sample 
instead of erroneous data that might result from reading a moving sample. [4] and [5] 
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Carbon Nanotube Preparation 
 If left alone, carbon nanotubes are hydrophobic.  If placed in water, they will form 
clusters of nanotubes.  In order to obtain a well dispersed solution of nanotubes (as would 
be desired to scan a single nanotube) an intermediary chemical called a surfactant should 
be used. 
 A surfactant is a chemical that lowers the surface tensions between hydrophobic 
and hydrophilic chemicals.  It is usually amphiphilic, which means that it contains a 
hydrophilic and a hydrophobic side.  This reduces surface tensions between the two 
chemicals because the surfactant acts as the intermediary that allows these two substances 
to mix.  [6] 
 Sonication is the use of sound energy for various applications.  In the laboratory, 
sonication can be used to sufficiently mix carbon nanotubes in a water solution in the 
presence of a surfactant.  This is accomplished using a sonicator, a device which uses a 
bath of water to transmit sound waves [7].  Particles that are not completely dispersed in 
the solution can be removed using a centrifuge.  
 
Basic DNA Protocol 
 Magnesium Acetate (magnesium salt) can increase the attraction between mica 
(the most common substrate for AFM scan) and DNA.  This allows immobilization of the 
DNA and also reduces possible adhesion forces between the mica and the AFM, which 
can potentially tamper with the scans.  [8] 
 When using an AFM, it is preferable to have a large concentration of the sample 
(i.e. DNA) on the substrate.  Previous work has been successfully performed using DNA 
concentrations ranging from 0.75ng/µL to 1.5ng/µL [9] and from 0.5ng/µL to 10ng/µL 
[10]. 
 
Concentration Equation 
 Sample concentration is an important parameter in the present research.  Usually, 
when working with stock solutions, the provided solution has a higher concentration than 
is desired and must be diluted by adding more solvent.  The relationship between 
concentration and volume of a solution (before and after dilution) is as follows [11]: 
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2211 VCVC =      (1) 
 
Where: 
1C = original concentration, 
1V  = initial volume of the solution, 
2C  = final (desired) concentration, 
and 2V = final volume (after dilution). 
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Chapter 3 Methods and Procedure 
 
As previously described, the protocols for sample preparation were developed by 
systematically varying the basic procedures until a satisfactory AFM scan was produced. 
The following provides specific details of the development process. 
 
Carbon Nanotubes 
The basic protocol for carbon nanotube sample preparation used in this work was 
previously developed in the Micro and Nano Systems Lab at the University of Arkansas. 
[2]  
The basic protocol is as follows:  
1)  Apply 2-3 drops of Nanosperse® as the surfactant to 5mL of Deionized (DI)  
water.  
2)  Add 1mg MWCNT (spec from manufacturer: MER Corporation, 50% purity,  
6-20 nm diameter, 1-5 microns in length) per 1mL DI water. 
3)  Sonicate for 30 minutes at 44kHz. 
4)  Place 500µL of sonicated sample in a 1.5mL plastic bio-tube.  
5)  Centrifuge for 30 min. 
6)  Place 30µL supernatant onto an uncontaminated mica disk.       
7)  Let dry by placing the disk on a hotplate to aid drying. 
 
In the present research, the centrifuge time was systematically varied to optimize 
the protocol.  Steps 1-7 were followed with the exception that the centrifuge time was set 
at 0, 30, 60, and 90 min. Separate samples were tested using each time interval. 
For the 30 min. centrifuge time sample, the sonication time was varied to 
optimize the protocol.  Samples were prepared with 5, 10, and 15 min. sonication times. 
 
DNA 
Four DNA samples were used for testing: 
1)  Magnesium acetate solution (17.8ng/µL) with no DNA. This is the control. 
2)  30 base pair DNA (from Integrated DNA Technologies, 1000ng/µL).  
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3)  3000 base pair DNA (from JENA Bioscience, 100ng/µL). 
4)  E. Coli genomic DNA (from ATCC, 20ng/µL). 
 
The same magnesium acetate stock solution used as the control was also used to 
dilute and immobilize the DNA on the substrate. 
 
First trial DNA sample preparation protocol: 
1) Dilute the sample DNA solutions to 1ng/µL using DI water. 
2) Further dilute the samples (using the magnesium acetate) to 0.6ng/µL. 
3) Place 30µL of each solution onto a mica disk. 
 
Second trial DNA sample preparation protocol: 
1) Dilute the sample DNA solutions to 0.6ng/µL using DI water. 
2)  Place 30µL of each solution onto a mica disk. 
 
For the 3000bp DNA samples in both trials, due to a processing mistake, the 
actual sample concentration was closer to 0.5ng/µL than the originally planned 0.6. 
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Chapter 4: Results and discussion 
 
This chapter describes the AFM scan results of the samples prepared according to 
the protocols described in Chapter 3. 
 
Carbon Nanotube Scans 
Selected AFM scan results for the MWCNT trials are shown below. 
   
 
Figure 2: 5 min. sonication sample (amplitude data). 
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Figure 3: 5 min. sonication sample (amplitude data). 
 
 
Figure 4: 15 min. sonication sample (amplitude data) 
 
The centrifuge time for the samples shown in Figs. 2 to 4 was 30 min. This 
particular centrifuge time was chosen because no significant difference was detected 
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among samples of different centrifuge times.  The only notable difference is the larger 
number of clumps seen in the non-centrifuged sample (shown in Fig. 5). 
 
 
Figure 5: zero sonication sample (amplitude data). 
 
There are significant surface differences in the 5 and 15 minute sonication time 
samples.  Scan error occurred in the 10 minute sample as indicated by a consistent wave 
pattern in its data (Fig. 3).  Similarly, the bottom of the 5 min. sample shared this 
appearance probably due to a rapid altitude change in the substrate.  This error is most 
likely a result of the tip not actually engaging the substrate (a somewhat common 
occurrence when using the AFM).  As a result, this data does not accurately represent the 
contour of the substrate. 
Close examination of the 15 min. sample scan reveals the possible presence of a 
single nanotube on the substrate (see Fig. 6). 
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Figure 6: High resolution scan of 15 min. sonication sample (amplitude data). 
 
 
Figure 7: Zoomed and modified nanotube image (height and amplitude data). 
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The tubular structure in Fig. 7 has a 20nm diameter and a length of 370nm.  It is 
very straight as should be expected from this batch of nanotubes.  Thus, it can be safely 
concluded that this object is a carbon nanotube, and the protocol used to obtain this scan 
should be sufficient to produce similar scans in the future.  
 
DNA Scans 
The four DNA samples in trial 1, as shown in Figs. 8 through 11, show 
distinguishable differences when scanned. However, the scale at which these scans were 
obtained was too large to determine whether DNA was present.  Upon scanning smaller 
areas of these substrates, no DNA was found.  Because of this, it was decided to 
experiment with a different magnesium acetate concentration. 
 
 
 
Figure 8: Magnesium acetate control. 
 17
 
Figure 9: 30bp DNA sample trial 1. 
 
 
Figure 10: 3000bp DNA sample trial 1. 
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Figure 11: E. coli genomic DNA trial 1. 
 
In Fig. 11, note that the E. Coli DNA sample forms large clumps.  Currently, it is 
unknown what those clumps are and why they form.  For the purpose of this research, 
this result means that the protocol that was used to create that sample is insufficient, so it 
was not used in further sample preparations. 
 Between the first and second trials, it was decided that it was not beneficial to 
continue scanning the 30 base pair DNA since its length would be around 10nm (around 
4 times its diameter) which could be difficult to distinguish as DNA.   
 The 3000bp DNA in the second trial of sample scanning revealed features that 
resemble DNA, as demonstrated by Figs. 12 through 15.   
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Figure 12: 3000bp strand 1 (height data). 
 
 
Figure 13: 3000bp strand 2 (height data). 
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Figure 14: 3000bp strand 1 (amplitude data). 
 
 
Figure 15: 3000bp strand 2 (amplitude data). 
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These features had a diameter of 10nm and a length of about 700nm, which (if 
length losses from the visible bends are taken into account) are within the range of 
expected values for this DNA (2.3nm diameter and 1000nm long). It can be speculated 
that the DNA strands did not appear in the initial trials because there was not enough 
magnesium acetate in the solution to sufficiently immobilize the DNA on the substrate. 
The results shown in Figs. 12 through 15 are not the initial output graphs from the 
AFM, but subsequent scans that have been modified to more accurately represent the 
desired portion of the sample surface.  The initial scan area image is shown in Fig. 16. 
 
 
Figure 16: 3000bp trial 2 initial scan. 
 
 The large portion of the scan with various height data on the majority of the graph 
is where the DNA was found.  The scan size (length and width of the scan area) was 
3.5µm, significantly smaller than the AFM’s maximum scan size (over 15µm).  When 
finally completely zoomed in, the DNA pictures represent an area of around 0.4425µm2 
(a 0.650µm scan size).  A similar reduction in scan size was also necessary to find the 
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carbon nanotube on the substrate as can be seen from the original and final images shown 
in Figs. 6 to 7.   
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Chapter 5: Conclusions 
 
The experiment has resulted in sufficient scans of both multi walled carbon 
nanotubes and DNA.  With a few alterations, the original protocols for sample 
preparation were very close to what was needed to produce acceptable scans of these 
materials. For DNA, it is clear that a minimum quantity of magnesium acetate is needed 
to sufficiently immobilize the DNA on the mica disk.  These conjectures were supported 
by the results of the tests performed. 
The resulting protocol for creating acceptable MWCNT samples for scanning is 
as follows: 
1)  Apply 2-3 drops of Nanosperse® as the surfactant to 5mL of Deionized (DI)  
water. 
2)  Add 1mg MWCNT (spec from manufacturer: MER Corporation, 50% purity,  
6-20 nm diameter, 1-5 microns in length) per 1mL DI water. 
3)  Sonicate for 30 minutes at 44kHz. 
4)  Place 500µL in 1.5mL plastic bio-tube.  
5)  Centrifuge for 15 min. 
6)  Place 30µL supernatant onto a mica disk. 
7)  Place sample on hotplate to dry. 
 
The resulting protocol for creating acceptable DNA samples for scanning is as 
follows: 
1) Dilute the 3000 base pair DNA (from JENA Bioscience, 100ng/µL) 
solution to 0.5ng/µL using DI water 
2)  Place 30µL of each solution onto a mica disk. 
 
 Overall, the objective of the proposed research work was accomplished.  AFM 
scans were successfully obtained from both MWCNT and DNA samples.  Also protocols 
have been established for preparing the MWCNT and DNA samples. 
 
 
 24
 
References 
1.  “DNA” Obtained from http://en.wikipedia.org/wiki/DNA (5-2-07) 
2.  Clendenin et al.  “Application of Aligned Carbon Nanotubes in Micro Shear Stress  
Sensing”.  Proceedings of IMECE ’04.  2004 ASME International Mechanical 
Engineering Congress and Exposition.  2004. 
3.  Baselt, David.  "The tip-sample interaction in atomic force microscopy and its  
implications for biological applications ", Ph.D. thesis by David Baselt,  
California Institute of Technology.  1993.  Obtained from  
http://stm2.nrl.navy.mil/how-afm/how-afm.html 
4.  K. Kimberlin.  Basic SPM Training Course.  Digital Instruments Veeco, Inc.  2000.  
5.  Digital Instruments Veeco Metrology Group.  MultiMode™ SPM Instruction Manual  
Version 4.31ce.  Digital Instruments Veeco Metrology Group.  1999. 
6.  “Surfactant”.  Obtained from (http://en.wikipedia.org/wiki/Surfactant) (5-2-07)  
7.  “Sonication”.  Obtained from http://www.answers.com/topic/sonication-1 (5-2-07) 
8.  Bystrenova, E. et al.  “Importance of Substrate for Biological Imaging by AFM at  
Low Temperature”.  Scanning Tunneling Microscopy/Spectroscopy and Related 
Techniques: 12th International Conference STM'03.  Volume 696.  461-466. 
2003. 
9.  H. Wang et al.,  “Glutaraldehyde Modified Mica: A New Surface for Atomic Force  
Microscopy of Chromatin”.  Biophysical Journal.  Volume 83.  3619-3625.  2002. 
10.  M. Bezanilla et al.  “Adsorption of DNA to Mica, Silylated Mica, and Mineral:  
Characterization by Atomic Force Microscopy”.  Langmuir.  Volume 11.   
655-659.  1995.  Obtained from http://0-pubs.acs.org.library.uark.edu/cgi-
bin/archive.cgi/langd5/1995/11/i02/pdf/la00002a050.pdf 
11.  D. Caprette.  “Working with Stock Solutions”.  Obtained from http://www.ruf.rice. 
edu/~bioslabs/methods/solutions/stocks.htm 
 
